It has been known(1)-(3) that intermetallic compound Ni3Al has a high strength at elevated temperatures with a positive temperature dependence of its strength for some temperature range, and that the high temperature strength of nickel-base superalloys is exclusively dependent upon the Ni3Al precipitates. Further, it was recently shown (4) that the addition of a small amount of B to Ni3Al remarkably improved its low temperature ductility.
The present study deals with an attempt to improve the oxidation resistance of a Ni3Al-0.1 %B alloy. It was found that the addition of Ti, Zr or Hf considerably improved the scale adherence.
The specimen alloys were prepared by a vacuum inducmm3 were cut out of the ingots and subjected to the ordinary polishing and cleaning treatments. The chemical compositions of the alloys are shown in Table 1 . Oxidation runs in a purified oxygen flow at atmospheric pressure were carried out in an infrared-ray image furnace equipped with a program controller providing a stable thermal cycle, a temperature pattern of which is shown in Fig. 1 . After every 30 cycles the specimens were cooled to room temperature for the mass measurement and visual inspection. The specimens oxidized for specified cycles were examined by X-ray diffraction, optical and scanning electron microscopy, and EPMA.
plotted against the number of cycle. Duplicated runs were performed for showing the reproducibility. The number in the figure corresponds to the alloy number. Oxide scale formed on alloy 1 was adherent up to about 10 cycles, then partial spallation repeated during the subsequent cycles, resulting in a considerable mass loss. On the other hand, all the other alloys showed very good scale adherence, though the manner in which mass gain follows is different from one another. Alloy 2 shows a mass gain almost linearly against the number of cycle. Alloy 3 shows a large mass gain during the initial several cycles, after which the mass gain becomes small resulting in a parabolic curve. Alloy 4 has a small initial mass gain followed by very small mass change, resulting in a logarithmic curve. This also implies the formation of a very stable scale or a very good oxidation resistance.
The scale/alloy interface characteristic is shown in Fig. 2 in which a to d correspond to alloys 1 to 4, respectively. Alloy 1 shows a smooth scale/alloy interface and a partial spallation of the scale mainly consisting of NiO. Though the main scales on alloys 2 and 3 were abraded out by polishing papers during polishing, some characteristics can be seen. Figure 2b shows few oxide particles combining the main scale with the alloy near the interface, but the inner oxide, mainly consisting of alumina, outlining the alloy grain boundaries is remarkable. A pronounced oxide penetration is seen in Fig. 2c . The penetrating oxide consists of alumina and zirconia particles which are enveloped by a thin alumina sheath. This tendency becomes larger as the distance from the alloy surface increases. Figure 2d also shows an oxide penetration beneath the main scale consisting of outer nickel-alumina spinel and inner alumina layers. Hafnia particles are mixed up in the penetrating oxide.
The very good adherence of the scale resulting from the Table 1 Chemical composition of the specimen alloys (mass %).
against the number of cycle and the temperature pattern of cyclic oxidation.
The number in the figure corresponds to the alloy number.
additives can be attributed to the so-called keying effect (5) , except the case of the Ti containing alloy for which the keying effect seems uncertain at present.
